Abstract. Scabies and associated impetigo are under-recognized causes of morbidity in many developing countries. To strengthen the evidence base for scabies control we undertook a trial of mass treatment for scabies. We report on the occurrence and predictors of scabies and impetigo in participants at baseline. Participants were recruited in six island communities and were examined for the presence of scabies and impetigo. In addition to descriptive analyses, logistic regression models were fit to assess the association between demographic variables and outcome of interest. The study enrolled 2051 participants. Scabies prevalence was 36.4% (95% confidence interval [CI] 34.3-38.5), highest in children 5-9 years (55.7%). Impetigo prevalence was 23.4% (95% CI 21.5-25.2) highest in children aged 10-14 (39.0%). People with scabies were 2.8× more likely to have impetigo. The population attributable risk of scabies as a cause of impetigo was 36.3% and 71.0% in children aged less than five years. Households with four or more people sharing the same room were more likely to have scabies and impetigo (odds ratios [OR] 1.6, 95% CI 1.2-2.2 and OR 2.3, 95% CI 1.6-3.2 respectively) compared to households with rooms occupied by a single individual. This study confirms the high burden of scabies and impetigo in Fiji and the association between these two conditions, particularly in young children. Overcrowding, young age, and clinical distribution of lesion are important risk factors for scabies and impetigo. Further studies are needed to investigate whether the decline of endemic scabies would translate into a definite reduction of the burden of associated complications.
INTRODUCTION
Scabies is a skin disease caused by infestation with a microscopic mite (Sarcoptes scabiei var hominis), which causes severe itchiness, sleep disturbance, and social stigmatization. 1 An estimated 100 million people have scabies, most in tropical countries, 2 with the Pacific region particularly affected. [3] [4] [5] [6] [7] The disease is transmitted via close personal contact with an infected person and it is commonly spread within households and institutions. 8 Impetigo, a common bacterial infection of the skin, often arises in people with scabies due to scratching of the lesions, 6, [9] [10] [11] [12] and can in turn lead to complications associated with group A streptococcal infection such as septicemia, glomerulonephritis, and rheumatic heart disease, particularly in tropical settings. 4, 7, 13, 14 Unlike industrialized countries, where scabies and impetigo are regarded as nuisance diseases, in many resource-poor setting these diseases are endemic and reach prevalences as high as 25% in the general population and up to 50% in children. 5 In countries where scabies is endemic, treatment that focusses on people with clinical scabies is often ineffective due to recurring reinfestation, even when extended to their household or family contacts. Mass drug administration (MDA), involving repeat administration of topical or oral treatments to whole communities, has been used for two decades to treat several neglected tropical diseases around the world and it is now emerging as a safe and effective strategy for the control of scabies. 3, 9, 10, [15] [16] [17] The evidence base for MDA in scabies control was recently strengthened by a trial that we undertook in Fiji, called the Skin Health Intervention Fiji Trial (SHIFT). 3 The SHIFT trial also provided an opportunity to gain insight into some of the factors associated with scabies in endemic settings, and anatomical distribution of scabies and impetigo. Few studies conducted in developing countries including Brazil, Bangladesh, Cambodia, and Pakistan investigated the complex relation between high prevalence of scabies and its socioeconomic factors. 12, [18] [19] [20] [21] [22] [23] Despite emerging data on scabies and impetigo prevalence in Fiji and internationally, limited information is available on risk factors associated with scabies, particularly in community and household settings. This paper reports on the clinical characteristics of SHIFT participants seen at baseline, with a particular focus on the occurrence of scabies and impetigo in relation anatomical sites and participants' living circumstances.
MATERIAL AND METHODS
Setting and study population. Fiji is located in the South Pacific region, with a population estimated at 909,389 in 2015 living on more than 300 islands, and made up of two main ethnicities, iTaukei (indigenous) Fijians (57%) and Indo-Fijians (38%). 24 It is the second most populous country in the Pacific region, after Papua New Guinea. Fiji is ranked 90 out of 188 countries in the United Nations Human Development Index, with a gross domestic product per capita of U.S. dollars 4,532 in 2014. 25, 26 Participants of this study were recruited as part of the SHIFT trial, which took place during 2012-2013 in Fiji. 3 After consultation with authorities, we identified six island communities in the Eastern Division of the country. These islands were selected on the basis of relative isolation, population size, and cultural and demographic similarities. 24 All selected sites were rural coastline villages with approximately one-third of the households having access to piped water. Nearly, 60% of residents live below the minimum wage of FJD 2.30 per hour and families' main income mostly comes from fishing and agriculture. 24 Typically, residents live in traditional huts made of wood and straw, or in houses made of cement or corrugated iron. Travels between villages are only possible by foot or boats; there are no vehicles or paved roads on any of the six islands. Residents of these islands typically dress in shorts, long skirts and sarongs, and tee-shirts or sleeveless tops. The majority of young children are either naked or wear only shorts. The average daytime temperatures in warmer months are between 30°C and 32°C with high and persistent humidity. Literacy level is high at 93% across the country but no detailed information is available for the Eastern Division or the study islands. 24 Study procedures and case definitions. SHIFT study procedures have been described elsewhere. 3 All residents of the six island communities selected were eligible and invited to participate. Prior to the study, residents were identified from the 2012 population list provided by the study nurse, and those present on the island were invited to participate by letter to the community, followed by a visit to the community from the local district nurse. Meetings were held in each selected community by a local nurse who explained the concept to residents. Subsequently, the nurse was accompanied by members of the study team who were able to answer questions and concerns the community may have had. Written consent was obtained by all residents willing to participate. Those who were illiterate or with impaired vision were provided assistance to complete the questionnaire by a member of the local study team. Informed consent for children 12 years or under was provided by parents or guardians, whereas for adolescents aged 13-17 consent was obtained by both a guardian and the participant. Those who consented provided demographic details and underwent a complete skin examination by a trained study nurse. Questions were asked in English, Fiji's official language, and translated into indigenous Fijian by trained local staff when requested by participants. At baseline, sociodemographic information and a brief medical history were collected from all participants by the study team. This included information on how many people lived in the house, the number of rooms shared and the length of residence on the island. We calculated the density of individuals per room to assess the association between scabies and the number of people sharing the same room. Participants were asked questions regarding previous diagnosis and treatment of scabies and other skin conditions. All clinical results were made available to each participant and to the local community care nurses. Study participants diagnosed with scabies or other skin conditions were provided detailed information about the condition and referred for treatment to the local nursing station. On selected islands, participants were offered treatment with oral or topical agents regardless of scabies status, and further follow-up took place as part of an investigation of MDA, as reported elsewhere. 3 Scabies at baseline was defined as pruritic inflammatory papules with a typical anatomical distribution, such as hands, wrists, webs of the fingers, and ankles, following the Integrated Management of Childhood Illnesses guidelines. 13, 27 Examination was performed on all exposed areas of the skin. Genitals and periareolar regions were only examined if participants described symptomatic itching in these regions and consented for examination. Skin examinations were conducted in a separate, private space. Scabies severity was based on number of lesions and classified as mild, moderate, or severe (1-10, 11-49, or more than 50 lesions) using a previously validated methodology. 3, 4, 13 The topographic distribution of scabies lesions was recorded using 10 predefined body regions. Infected scabies was defined as scabies plus pus-filled or crusted papules. If crusted scabies was suspected, a skin scraping was taken for microscope examination to detect mites, and a photograph sent to the team's clinical advisors. Impetigo was defined as a papular, pustular, or ulcerative lesion surrounded by erythema. Severity was counted and classified as per scabies lesion methods described earlier. Body distribution of impetigo lesions followed the methodology of scabies.
Statistical analysis and sample size. For the purposes of analyses reported here, the study population was made up of all those who were enrolled at the baseline visit of the SHIFT trial. Participant characteristics were summarized by demographic categories (age, sex, and household density). Prevalence of scabies and impetigo were calculated for the whole population and by each of the demographic categories. Adjusted odds ratios (ORs) for scabies and impetigo were calculated using logistic regression models for age, gender, and number of people sleeping in the same room. Information on density of individuals per room was analyzed both at individual and household level. Intraclass correlation coefficients (ICCs) were estimated to determine the variation of infestation rate within and between households to assess clustering effects for both scabies and impetigo. 28 In addition, the population attributable risk (PAR) was calculated to estimate the percentage of impetigo attributed to scabies, overall and specific to body site and age. 29 All statistical analyses were conducted using STATA 14.0 (College Station, TX).
Ethical approvals. SHIFT was registered with the Australian and New Zealand Trials Registry (ACTRN 12613000474752), and approved by the Fijian National Research Ethics Committee (201247) and the Royal Children's Hospital Human Research Ethics Committee (32099).
RESULTS
Study population. Overall, 2,051 people consented to the study (Table 1) , representing more than 85% of the population recorded on resident register, which was 99.7% indigenous Fijian (iTaukei). Participants were distributed across six island communities, in 29 villages and 527 households. The age and gender of participants were similar to those reported in the most recent national population census. 24 Most participants (51.2%) reported that they had never left their island of residence.
Prevalence and correlates of scabies. Scabies was observed in 746 participants (36.4%, 95% confidence interval [CI] 34.3-38.5) of the surveyed population (Table 1) . Prevalence was highest in children aged 5-9 years (55.7%, OR 3.7, 95% CI 2.8-4.9; Table 1 ) when compared with those aged 35 years and over. Scabies was more common in females (39.2% versus 33.7%, OR 1.3, 95% CI 1.1-1.5). When adjusted for age, gender, and number of people per room, the results increased marginally and followed the same pattern.
Among participants with scabies, lesions were most often observed on the upper limbs (82.6%; Table 2 ). Although scabies lesions were present on the lower limbs less frequently in the sample overall (43.4%), this distribution was the most common in those aged less than 5 years (77.1%, P < 0.001). The distribution of scabies lesions was similar in both genders, with the exception of the perineum and buttocks areas, where scabies was more observed in females (P = 0.006).
Among participants with scabies, most had mild disease (Table 3) . Children aged less than 5 years had more severe disease than other age groups (P = 0.002). The distribution of lesions was similar between males and females (P = 0.006). There was one diagnosis of crusted scabies.
Prevalence and correlates of impetigo. Impetigo was observed in 23.4% (95% CI 21.5-25.2) of participants (Table 1) . Impetigo followed a similar age distribution to that of scabies, being most common in school-aged children. The most affected age group was the 10-14 years (39.0%, OR 4.2, 95% CI 3.0-5.8), followed by the 5-9 age group with 38.4%; Table 1 ). Unlike scabies, impetigo was more prevalent in males (25.8%) than in females (20.7%, OR 0.8, 95% CI 0.6-0.9). When adjusted for age, gender, and number of people per room, the results did not change.
Impetigo lesions were most frequently observed on the lower limbs (69.7%; Table 2 ). This trend was consistent across age groups, although more common in school-aged children (Table 2) . Impetigo lesions on the face, scalp, and neck were more commonly observed in those aged less than 5 years (21.3%) than in all other age groups (P < 0.001). The distribution of impetigo lesions was similar in both males and females (P = 0.006).
Most participants had mild disease (76.5%; Table 3) , with children aged less than 14 years, and males, more likely to have moderate or severe disease, compared with older age groups (P = 0.149).
The presence of impetigo was strongly associated with a diagnosis of scabies (relative risk, 2.6, 95% CI 2.2-3.0). Overall, more than one-third (36.3%) of impetigo cases were attributed to scabies ( Table 4 ). The same measure was calculated by age group and body site. In the age stratified analysis, significant proportions of scabies were associated with impetigo cases among children aged less than 5 and 5-14 years of age (71% and 46%, respectively). Although not significant, approximately one-third of the impetigo cases were due to scabies in participants aged 15 and over. In the site specific analysis, scabies in torso and arms/hands were both attributed to approximately 50% of the impetigo cases (Table 4 ). In the youngest age group, scabies in limbs and torso were responsible for 45-52% of the impetigo cases, whereas just over quarter of the impetigo were attributed to the scabies in face scalp/neck (Table 4) . Individuals with 
DEMOGRAPHIC FACTORS ASSOCIATED WITH SCABIES AND IMPETIGO
severe scabies are at considerably higher risk of developing impetigo. The majority (62.5%) of participants with more severe scabies were diagnosed with impetigo lesions, whereas of those with mild or moderate scabies lesion, 35.3% were observed to have impetigo lesions. Household level prevalence of scabies and impetigo. The association between scabies and overcrowding was observed both at the individual and household levels (Tables 1  and 5 ). Participants were more likely to have scabies when four or more people were sharing the same room (38.2%, OR 1.6, 95% CI 1.2-2.2) compared with households with a single individual per room (27.5%; Table 1 ). However, the effect of room density was reduced and nonsignificant when adjusted for age (adjusted OR 1.2, 95% CI 0.8-1.7) in the same group.
Of all 527 households surveyed, only 177 (33.6%) were free of scabies. The majority of households with no scabies (56.8%) had only one or two residents living in the house, whereas only 7.6% of them were occupied by seven or more people (Table 5) . Scabies prevalence was associated with the presence of younger children within a household, with prevalence decreasing as the median age increased. In households where inhabitants had a median age of less than 19 years, 37.3% had scabies at levels higher than 50% (P < 0.001). Conversely, the majority (44.1%) of households where no scabies was present had residents with a median age above 45 years. The ICC due to the clustering effect of household was estimated as 13% for scabies Similarly to scabies, participants were twice as likely to present with impetigo lesions when four or more people shared the same room (26.8%, OR 2.3, 95% CI 1.6-3.2) compared with households with a single individual sleeping in one room (13.9%; Table 1 ). However, the significant effect of room density decreased when adjusted for age (adjusted OR 1.7, 95% CI 1.1-2.5) in the same group.
The same trend was observed in relation to prevalence of impetigo and number of people per household. Of all 527 households surveyed, more than half (52.0%) had residents affected with impetigo. The majority of households with no impetigo (75.7%) had only up to two residents living in the house, whereas only 14.1% of them were occupied by seven or more people (Table 5) . Impetigo prevalence was associated with the presence of younger children within a household, with prevalence decreasing as the median age increased. In households where inhabitants had a median age less than 19 years, 32.5% had impetigo at levels higher than 33% (P < 0.001). Conversely, 38.2% of households where no impetigo was observed had residents with a median age above 45 years. The ICC due to the clustering effect of household was estimated as 5% for impetigo.
DISCUSSION
This study describes for the first time the occurrence of scabies and impetigo in relation to participants' clinical, demographic, and living characteristics in an endemic population of Fiji. The results of this study confirm that countries of the Pacific region, particularly Fiji, have a prevalence of scabies and impetigo at some of the highest levels recorded in the world, with more than one in two children affected and over one-third of the general population reporting scabies. The high prevalences of scabies and impetigo in these populations of the Eastern Division are consistent with those reported by other studies in Fiji, although considerably higher than figures described by a national prevalence study conducted several years before. 4 It is possible that this is due to the high level of remoteness of these small islands, and therefore more isolation and possible recurring lack of scabies treatment. Most participants (51.2%) reported that they had never left their island of residence; however, this may include people who were on the island since birth as well as residents who may have moved there more recently after marriage or retirement. The occurrence and clinical manifestations of scabies showed a picture consistent with that previously observed in tropical developing countries, including Fiji. 4, 23, 30 Children under 14 years of age were the most heavily affected by scabies, with more than 50% having the disease. However, no age group was free of scabies or impetigo, and they were present in both females and males. Besides having the highest prevalence of scabies, young children were also the group with the most severe manifestations of the disease, with one-fourth of children under five having moderate to severe lesions. There were differences between the topographic distribution of scabies and impetigo papules. Overall, the first was mostly seen in upper limbs, whereas the latter was more commonly observed in feet and lower limbs. These sites are more likely to be affected as they are generally not covered by clothing and are the only exposed body areas in these populations. In addition, children are often carried by carers on their arms, presumably making transmission to these body parts more likely due to prolonged contact. The presence of both diseases in the scalp and face followed a clinical manifestation typical of infants and was rarely seen in older age groups. A possible explanation is the proximity of this body part to the mother's breast or axillary areas while lactating.
This study documents that scabies is one of the main drivers of bacterial skin infection in Fiji based on its presence in association with impetigo, as suggested by previous research in Fiji. 4 For the first time, this study explores the association of impetigo as a risk factor for scabies also by age group and body distribution, showing that the PAR, based on observed associations, is substantially stronger in younger children. For reasons that remain unclear there were also differences by location with lower PAR for the face/scalp/neck and neck in all age groups and for legs/feet in those more than 5 years of age. Substantial PARs suggest that strategies to control scabies in endemic areas would translate into significant reduction of associated bacterial infections, particularly in infants and younger children.
Clustering of infection by household is considered to be an important epidemiological predictor for scabies. 23 Crowding, defined as the number of individuals per household and number of individuals per room, was strongly associated with higher prevalence of scabies and impetigo. In addition, we noted a clear correlation between young age and severity of scabies and associated bacterial infection, both at individual and household level. Our analysis attempted to take account of the association between younger age and crowding but inclusion of age in the multivariate model did not modify the effect of crowding. The ICC due to household clustering were estimated as 13% and 5% for scabies and impetigo, respectively; however, accounting for this clustering effect did not change the associations between the demographic factors and the outcome variables (data not show).
This study has several limitations. First, the diagnosis of scabies and impetigo was only made clinically, without the use of a confirmatory microscopy, as this method was not practical in our study setting. However, the high prevalence reported in this study is consistent with findings from earlier surveys in the Pacific region. [3] [4] [5] In addition, the study nurse who performed all skin examinations has considerable experience in scabies diagnosis having worked in the national dermatology hospital for more than 20 years. We did not consistently examine breasts and genitals, areas where scabies is often common; 27,31 however, we systematically asked participants whether itch, rash, or discomfort were present in these parts. Second, although Fiji has two main ethnicity groups, our study only measured scabies and impetigo prevalence in the indigenous iTaukei population. Previous studies in Fiji have documented that scabies and impetigo are most common in the iTaukei population. 4, 6, 32 One of the explanations for this could possibly be due to a higher number of children per family and the tendency to live in houses with high density of people per room. Bacterial infections such as streptococcal and staphylococcal infections, pneumonia, and rheumatic heart disease have all been more frequently reported in the iTaukei population in Fiji. [33] [34] [35] [36] Although sitespecific PAR was calculated to estimate the percentage of impetigo prevalence attributed to scabies, the association could have been analyzed in other ways. An example could be the examination of scabies lesions anywhere in the body as a predictor of impetigo in specific body sites. Finally, although we investigated the role of living circumstances as risk factors for scabies in these communities, we did not assess other socioeconomic factors such as general hygiene, level of education, and income factors that could potentially be associated with the presence of scabies and bacterial infections. Although we do not have information on these determinants, we do have extensive local knowledge of these factors for each of the islands visited and we believe that these determinants are unlikely to vary substantially within very homogeneous village populations.
High prevalence of scabies and related bacterial infections have previously been documented in tropical countries and in disadvantaged populations, particularly in countries of the Pacific region. 5 This study adds important data confirming the high prevalence of scabies and impetigo in Fiji. This burden of disease in resource poor communities highlights the need to undertake research to investigate the best strategies for public health control of scabies and impetigo at population level. Our data from the SHIFT study suggest that an effective public health control measure for scabies will also likely lead to a considerable reduction in the burden of impetigo. However, further studies are needed to investigate the effect of scabies control on serious secondary bacterial infections to determine whether the decline of endemic scabies would translate into a definite reduction of the burden of associated complications, such as invasive bacterial disease, poststreptococcal glomerulonephritis and potentially rheumatic heart disease.
